Abstract. From wispy gas giants on the verge of disruption to tiny rocky bodies already falling apart, short-period exoplanets pose a severe puzzle to theories of planet formation and orbital evolution. By far most of the planets known beyond the solar system orbit their stars in much tighter orbits than the most close-in planet in the solar system, Mercury. Short-period planets experienced dynamical and evolutions histories distinct from their farther-out cousins, and so it's not clear they are representative of all planets. These exoplanets typically have radii between about 1 and 4 Earth radii, whereas the solar system does not contain any planet in this radius range. And while the most massive planets in the solar system occupy the icy regions beyond about 5 AU from the sun, about 1 % of sun-like stars have a Jupiter-mass planet near 0.05 AU, with just a few days of an orbital period. How did these short-period planets get there? Did they form in-situ, or did they migrate towards their contemporary orbits? If they migrated, what prevented them from falling into their stars? Vice versa, could some of the remaining 99 % of stars without such a hot Jupiter show evidence of their past consumption of a close-in, massive planet? The proximity between short-period planets and their host stars naturally facilitates observational studies, and so short-period planets dominate our observational constraints on planetary composition, internal structure, meteorology, and more. This white paper discusses the unique advantages of short-period planets for the theoretical and observational investigations of exoplanets in general and of their host stars.
Figure 1: Planetary radii in Jupiter radii R Jup vs. semi-major axes in AU for confirmed and candidate short-period planets, which include ultra-short-period planets (USPs) with periods less than 1 day.
The discoveries of almost two hundred bodies with orbital periods 1 day (ultra-short-period planets, USPs -Sanchis- Jackson et al., 2013; Sanchis-Ojeda et al., 2014; Adams et al., 2016 Adams et al., , 2017 and of hundreds of Jupiter-sized planets with orbital semi-major axes 0.1 AU continues the surprising trend that planetary systems throughout the galaxy may diverge dramatically from those in the solar system. According to canonical planet formation theory, many of these short-period planets, particularly the USPs, cannot have formed where we find them today. Thus, short-period planets and USPs provide a critical test for theories of planet formation and evolution.
Although they challenge our understanding, the very short periods substantially facilitate detailed followup and characterization, and planned and upcoming missions and surveys promise to reveal additional clues to these planets' origins and natures. The ineluctable bias in transit surveys toward short periods means many of the smallest planets uncovered by the TESS Mission will be short-period. Large-scale surveys such as TESS, LSST, and PLATO may provide hints about the fates of hot Jupiters. Given their observational prominence, it is important to understand whether short-period planets are representative of all exoplanets, particularly the smallest and least massive planets for which follow-up is especially difficult, or whether they constitute a distinct species. In this white paper, we discuss aspects of our current understanding of short-period planets and explore possible avenues for future research.
Theoretical Considerations
Current thinking includes three origin scenarios for short-period exoplanets: (1) they formed in-situ (Bodenheimer et al., 2000; Batygin et al., 2016) ; or they formed farther out and (2) were gravitationally excited into highly eccentric (and potentially inclined) orbits, and tidal interactions with their host stars circularized and shrank the orbits (e.g. Chatterjee et al., 2008) , or (3) they were brought in by gas disk migration on (possibly) low-inclination orbits (e.g. Lin et al., 1996) . Determining which of these scenarios applies to short-period planetary systems requires a number of detailed, astrophysical studies, as we describe below. For hot Jupiters, none of the above scenarios satisfies all constraints Dawson & Johnson (2018) . Instead, there are probably contributions from both (2) and (3) (with [1] possibly less important). For (2), a cogent picture is emerging that can explain the observed wide distribution of stellar obliquities (Albrecht et al., 2012) but has trouble accounting for Jupiter-like bodies more distant from their host stars, warm Jupiters. For (3), recent work on disk misalignment mechanisms can account for the stellar obliquity distribution (Spalding & Batygin, 2015) , but what stops the inward migration is unclear.
Gas Disk Migration Stopping Mechanisms
Competing theories to halt disk migration include clearing of the close-in protoplanetary disk via magnetorotational instabilities (Kuchner & Lecar, 2002) , planet-disk magnetic interactions (Terquem, 2003) , and tidal halting (Trilling et al., 1998) . Although the latter mechanism exhibits good agreement with observations (Plavchan & Bilinski, 2013) , there remains no consensus of how to explain (1) the sharp pile-up of hot Jupiters at 0.05 AU around Sun-like stars (Fig. 2) ; (2) the absence of a hot Jupiter pile-up in sample from Kepler (Howard et al., 2012) ; (3) the long-term stability of hot Jupiters under tidal dissipation in the star; and (4) a pile-up of planets in the subsample of Kepler planets with RV measurements (Fig. 2) .
Heller (2018) argues that the pile-up is a result of competing torques from the stellar tides, which act to repel a close-in planet beyond the co-rotation period of ∼ 1 d, and the disk torque, which drives planet migration towards the star. The torques of highly dissipative, fast-spinning stars with protoplanetary disks of low gas surface densities could produce a zero torque at the observed pile-up period (or semi-major axis). In this scenario, hot Jupiters trace the early spin history of their host stars and even the properties of the long-gone proto-planetary disks in which they formed.
Disruption of Hot Jupiters
Under whatever scenario hot Jupiters achieved orbits that passed near to their host stars, tidal interactions subsequently shaped their orbits. Under scenario (2) above, tidal dissipation heated the planets' interiors, circularizing and shrinking the orbits (Fabrycky & Tremaine, 2007; Jackson et al., 2008; Dawson et al., 2015) . Once the orbits were circular and the planets' rotations had become tidally locked, the planets could still raise large enough tides on the host stars that tidal interactions could modify the stellar obliquities (Winn et al., 2010) and drive orbital decay, possibly resulting in disruption via Roche-lobe overflow and/or planetary accretion (Valsecchi et al., 2015; Jackson et al., 2017) .
The speed and frequency with which hot Jupiters may undergo disruption and accretion is unclear and likely depends on the efficiency with which tidal dissipation operates within stars (i.e., the stellar tidal Q-value), what happens to the gas once it escapes the planet (Jia & Spruit, 2017) , and the mass-radius relationship . Thus, detailed modeling efforts of star-planet tidal interaction, possibly coupled with stellar evolution models (Bolmont & Mathis, 2016; Heller, 2018) , are required to determine the fates of hot Jupiters.
USPs As Possible Signposts for Other Planets
How origin scenarios (1), (2), and (3) above apply to USPs is unclear. In-situ formation seems less likely, given that protoplanetary disks may not extend inward to periods of hours (Bouvier et al., 2007) , and in such close orbits, even the most refractory solids could not condense (Lesniak & Desch, 2011; Lodders, 2003) . Regarding (2), Ford & Rasio (2006) showed the original pericenters for the highly eccentric orbits were about half the semi-major axis for the final, circularized orbit, so the latter distance must be at least twice a planet's Roche limit. However, many USPs orbit within twice their Roche limit . Scenario (3) coupled to subsequent orbital decay may explain the origins of USPs massive enough to raise substantial tides on their host stars (several Earth masses) (Lee & Chiang, 2017) , but less massive USPs may require resonant/secular interactions with other bodies, likely other planets, coupled to tidal dissipation within the USP, to drive orbital decay, as in the 55 Cnc system (Hansen & Zink, 2015) . This latter hypothesis makes the prediction that the presence of a USP requires additional, nearby planets. As a consequence, USPs could be signposts of yet undiscovered planets in a system. Indeed, considering the population of USPs known from the Kepler mission, Sanchis-Ojeda et al. (2014) found that the frequency with which additional transiting candidates were observed in USP systems was consistent with their all being multi-planet systems. To the viability of this hypothesis, dynamical analyses and N -body orbital simulations of known multi-planet USP systems are required.
Observational Prospects

Mass Measurements
Now that radial velocity (RV) surveys are regularly breaching the 1 m s −1 barrier of systematic noise (Dumusque et al., 2011) , stellar jitter has become the main limitation to our ability to detect Earth-mass planets. With orbital periods as short as several hours, small USPs induce larger RV signals than longer-period planets of similar masses. Equally important, planet-induced orbital RV variations on time scales of hours are often different from the time scales of stellar activity. And finally, fewer observations are required to recover a USP's RV signal since multiple orbits can be observed in very little time. For example, Howard et al. (2013) successfully recovered Kepler-78 b's RV signal over the course of just a few nights, even though the star exhibited RV variability many times larger than the planet's signal (see Figure 3 ).
Signals of Planetary Disruption and Accretion
Estimates of the frequency and violence of hot Jupiter disruption and accretion could inform observational searches for these processes as the consumption of a planet by its host star likely produces distinctive signals in time-series data. Metzger et al. (2012) estimates that, in the weeks prior to a short-period planet's final plunge into its star, the system's peak luminosity in UV and X-rays may exceed 10 36 erg s −1 , after which the stellar surface is enshrouded by an outflow driven by the merger, followed by an optical transient at a luminosity of 10 37 -10 38 erg s −1 on a time-scale of days. Upcoming and previous long-baseline optical surveys such as Kepler/K2, TESS, LSST, and PLATO may provide datasets ideally suited for seeking these merger signals.
TESS Yield of USPs
Sanchis-Ojeda et al. (2014) estimated that something like 1 in 200 Sun-like stars host USPs, making them relatively rare among the species of exoplanet. The Kepler mission found hundreds of USPs, and given TESS's larger number of observed stars, many of which will be observed with high time-resolution (2-min), this mission is likely to find many more USPs. To estimate the number of USPs that TESS will find, Sullivan et al. (2015) used the Kepler occurrence rates and applied it to an approximated sample of stars that would make up the TESS catalog, then drew a sample of objects. Using their Table 6 , we find that TESS is estimated to discover 104 USPs with periods between 0.5 days ≤ P ≤ 1 day. However, because the Kepler data upon which they based these estimates did not include even shorter period planets with P < 0.5 d, these planets are not included in the catalog. Among all known USPs as of March 2018, about 10% have P < 0.5 days.
Of the Sullivan sample of 104 USPs that TESS should find: (1) many are small -just 2 are hot Jupiters and the rest have < 3 R Earth . (2) many orbit faint stars, but 10 are V < 10 or brighter and another 11 are 10 < V < 13; (3) many have friends -only 8 have no companion planets (9 have 1, 21 have 2, 50 have 3, and 16 have 4 other planets); and (4) their stars tend to be small -there are 88 M dwarfs, 7 K, 6 G, and just 3 around stars larger than 1.2 R Sun . As such, many of their masses could be measurable with the current RV instruments: the median RV signal is about 5 m/s.
Obliquities of Short-Period Planets
Figure 4: Stellar obliquities help distinguish between different origin scenarios, but the spin-orbit alignments for the ultra-short-period targets (P ≤ 1 day) are largely unknown.
The obliquities of short-period planet-hosting stars may help distinguish between origin scenarios. Originally, large obliquities were thought to point to scenario (2), such as for the HAT-P-7 system, a hot Jupiter in a system with λ = (155 ± 37)
• (Albrecht et al., 2012) . Small obliquities were interpreted as evidence for scenario (3) (e.g. Lin et al., 1996) , consistent with tightly packed, multi-planet systems such as Kepler-30 (Raymond et al., 2006) . However, mounting evidence has complicated this simple connection: hotter stars tend to have a broader range of obliquities, and Albrecht et al. (2012) argued this trend indicates close-in planets originated via scenario (2) but that tides preferentially reduced initially large obliquities for the cooler stars, whose tidal dissipation is thought to be more effective (Penev et al., 2009 ). On the other hand, Batygin (2012) suggested that a distant stellar companion can warp a protoplanetary disk, possibly producing large obliquities even for planets brought close-in through gas disk migration.
Small USPs may uniquely contribute to this discussion since their small masses mean that tidal interactions with their host stars probably drive little to no orbital or obliquity evolution, and so the current obliquities for USP-hosting stars are probably little modified from their original values. Unfortunately, the leading way to estimate obliquity, measuring the Rossiter-McLaughlin effect during transit (e.g., Winn et al., 2005) , has almost exclusively been measured for planets Saturn-sized or larger 1 . Many planets, including almost all USPs, are too small or orbit stars too faint for this technique. The 8 Earth-mass, 1.9 Earth-radius planet 55 Cnc e represents a fascinating exceptional case with hints to a significant orbital misalignment with respect to its host star (Bourrier & Hébrard, 2014; López-Morales et al., 2014) .
Obliquities of USP-hosting stars may be determinable with the starspot-crossing technique (e.g. Deming et al., 2011) . Rotational modulation can be used to infer the rotation period (McQuillan et al., 2012) , and if the spots pass through the planet's transit corridor (the portion of the stellar disk occulted during transit), a short (several minutes) spike in the transit curve can result. The frequency and timing of such spikes have previously been used to estimate stellar obliquities (Sanchis-Ojeda et al., 2012) , and the high time-resolution provided by the upcoming TESS mission will likely make the data well-suited to search for and analyze such signals for any USPs TESS finds.
